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@ Method of forming an article.

@ A method of forming an article to a final form in a final
cavity between two dies by forming a preform having the
general shape of the final form of the article and thereafter
measuring the amount of material contained in the preform
and removing any material from the preform in excess of the
amount of material required to completely fill the volume of
the final cavity and then enclosing the preform in the final
cavity to compietely surround the preform and conform the
preform to the shape of the final cavity to produce the final
form of the article. Preferably, the preform is first formed by
compacting powder metal so as to have a greater dimension
in one direction than the final form and a lesser dimension in
a transverse direction. After weighing the preform and
removing excess material from the exterior of the preform,
the preform is placed between two dies -of a press which
close 1o initially apply pressure to the greater dimension of
the preform to reduce that dimension to the final desired
dimension while increasing the lesser dimension to the final
desired dimension of the final preform.
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This invention relates to a method of forming
an article to a final form in a cavity which surrounds the
article to define the final desired form of the article.
Such forming is accomplished in forging and like.processes.
Although applicable to forging and like processes, the
subject invention has partiéular utility and will be

described in connection with forming an article by the hot

consolidation of powder material.

Hot consolidation can be accomplished by filling
a container with a powder to be consolidated. The con-
tainer is usually evacuated prior to £illing and then
hermetically sealed. Heat and pressure are applied to the'
filled and seaied container. At elevated temperatures,
the container functions as a pressure—-transmitting medium
to subject the powder to the pressure applied to. the
container. Simuitaneously, the heat causes thé’powder to
fuse by sintering. In short, the combination of heat
and pressﬁré causes consolidation of the powder into a
substantially'fully densifiied and fused mass in which the
individual powder particles change shape as they are

forced together and are united into a substantially

homogeneous mass.

After consolidation, the containerris removed
from the densified powder compact or préform and the
preform is then further processed through one or more
steps, such as forging, machining, grinding and/or heat *
treating.

| Because the volume of the cavity in the
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container for hot consolidation may vary from container to

P-342

container, the fiqﬁl configuration may vary from compacted
part to compacted part. Another variable is that the
density of the powder may vary from one £ill to the next.
In addition, the particle size may differ from one fill to
the next. All of these factors can contribute to parts
being below or above tolerances when it is, of course,
desirable to consistently produce part after part with the
same shape or form with the same amount éf material or
mass in each part. Another problem which occurs is that
when the part is compacted between two diés, flash may
occur on the part at the parting line of the two dies.
This flash, of course, must be removed in a subsegquent
operation.

SUMMARY OF THE INVENTION

Thesevproblems may be overcome by the subject
invention which provides a method of forming an article
to a final form in a final cavity completely surrounding
and having the final form of the article. The method in-
cludes the steps of ferming a preform having the general
shape of the final form of the article, measuring the |
amount of material contained in the preform, removing any
materizl from the preform in excess of the amount of .
material required to completely £ill the volume of the
final cavity and enclosing the preform in the final
cavity to completely surround the preform and conform the
préform to the shape of the cavity to produce the final

form of the article. —
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BRIEF DESCRIPTION OF THE DrRawINe 0054404

Other advantages of the present invention will
be readily appreéiated as the same becomes better unéer—
stood bf reference to the following detailed description
when considered in connection with the accompanying draw-
ing which is a flow diagram illustrating the major steps
involved in the method of the subject invention.

DESCRIPTION OF THE INVENTION

It will be appreciated that the subject inven-
tion may be utilized for shaping parts by forging or in
any other process where a part is to be conformed to the
shape O0f a cavity. However, the invention has particular’
utility and will be dGescribed in connection with the hot
consolidation of various metallic powders and nonmetallic

4

powders, as well as combinations thereof, to form a
densified powder article. The invention may be.utilized
to consolidate metallic sowder into complex shapes by
utilizing a "fluid die" or "thick-walled" container of
the typerdescribed-in United States Patent 4,142,888
granted March 6, 1879 in the name of Walter J. Rozmus,
‘the disclosﬁre of which is hereby incorporated by
reference. By way of definition, a thick-walled con-
tainer is of sufficient thickness so that the exterior
surface of the walls do not closely follow the contour
or shape of the cavity. Thié insures that sufficient
container material is provided so that, upon the appli-
cation of heat and pressure, the container material will
act like a fluid to apply hyrdostatic pressure to the

powder in the cavity.  The use of a thick-walled
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container produces a near-net shape having close dimen-
sional tolerances with a minimum of distortion.

The drawing illustrates the steps of the method
of forming an article to a final form in a final cavity
completely surrounding and having the final form of the

article. Step 1 is the forming of a preform having the

" general shape and mass of the final form of the article.

Step 2 includes measuring the amount of material or mass
of the material contained in the preform resulting from
Step 1. Step 3 includes removing any material or mass
from the preform in excess of the amount of material or
mass required to completely £ill the volume of the final
cavity. Step 5 is the enclosing of the preform in the
final cavity to completely surround the preform and con-
form the preform to the shape of the final cavity to
produce the final form of the article. -

Step 1 shows a thick-walled container formed

0

nta

-

by at least two mating c ner parts 12 and 14. The

[ =]

container parts 12 and 14 define a cavity 16 in which

powder 18 is disposed for consolidation. As illustrated,

~the container parts 12 and 14 define the cavity 16 when

they are mated together at the mating surfaces 20, as
by welding.

The densified or compacted prefcrm 18 may be of
various complex shapes. As illustrated in Step 1, there
is shown a cross section through the container and the
compacted preform illustrating a cross section of .the
preform which is elongated or oval. The final shape or
form of the article, by way of illustratioﬁ, will be -
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circular as illustrated in Step 5. ‘Although it will be
appreciated that various shapes may be produced in
accordance with the subject invention and that the shapes
along thé longitudinal axis of a given part may change
significantly.

In Step 1 a gquantity of powder 18 is encapsu-
lated in a cavity 16 in a thick walled container defined
by the parts 12 and 14 with the container having walls
entirelf surrounding the cavity 16 and of sufficient
thickness so as not to closely follow the contour of the
cavity 16 and of a material whicg is subétantially fully
dense and incompreésible and capable of plastic flow at
elevated temperatures. The container defined by the parts
12 and 14 is generallv rectangular in cross section and
does not follow the contour of the cavity 16 as there are

different thicknesses of the container about thé cavity

16.

‘The container parts 12 and 14 and the powder
are heated to a temperature at which the powder 18 will
densify. External pressure—is applied to the entire
exterior surface of the container parts 12 and 14 thereby
causing plastic flow of the container parts 12 and 14
to subject the powder to hydrostatic pressure which
causes the powder to densify into a preform. The préssure
is applied to the container parts'l2 and 14 by placing
the container parts within a constraining cavity in a
press die 22 and applying downward pressure to the con-
tainer parts 12 and 14 by a ram 24 of a press. This is

accomplished in accordance with the teachings of the
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aforementioned United States Patent 4,142,888. -

The preform 18 is then removed from the con-
tainer parts 12 and 14. This may be accomplished by
various'means such as etching, pickling, machining, etc.
One very satisfactory method of removing the preform 18
from the container parts 12 and 14 is by melting thé con-
tainer material from about the preform 18. The container
parts 12 and 14 may be formed from a material which melts
at a combination of temperature and time at that tempera-
ture which combination would not undesirably oxr adversely
affect the prqperties of the powder preform 18, i.e.,
after having been consolidated to define the densified
powder compacted preform 18. For example, the container
may be made from a metal such as copper. This may be
accomplished in accordance with the teachiﬁgs of United

tates Patent Application Serial No. 173,648 filed

July 30, 1980 in the =

™

me of J. R. Lizenby and assigned
to the assignee of the subject invention.

" After compaction of the preform 18 and the
removal of the preiorm 18 from the container parts 12 and
14, the amount of material or mass contained in the pre-
form is measured. This may be accomplished by weighing
the preform in Step 2. Thereafter, the method includes
the step of removing any material about the exterior-of
the preform 18 which is in excess of the amount of ma-
terial'in the final desired form of the article. The >
ﬁaterial may be removed in Step 3 by passing the preform
18 through an étching bath. The preform would be

submerged in a solution in an etching bath under
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predeternined conditions to remove tne proper HOH¥ 404

material or mass from the preform. The predetermined con-

ditions would include the temperature of the solution, the

electrical current passing through the solution and the
time the preform is submerged within the solution.

Step 4 illustrates the enclosing of the preform
18 in the final cavity 26 to completely éurroundrthe
preform 18 and conform the preform 18 to the shape of-the
final cavity 26 to produce the final form of the article
28. The preform 18 is enclosed in the final cavity 26

by placing the heated preform between dies 30 of a préss.

The dies 30 define the final cavity 26 and the ciosing of

the dies 30 apply pressure to the preform 18 to form it
into the final form of the article 28; The dies 30 may
be placed in a variety 6f well-known pressés.

As the drawing illustrates, the preform 18 is
formed so as to have a creater dimension in a first
direction theréthrough {(vertical as shown) than the final
desired dimension in the first (vertical) direction
through the final form 28. The preform 18 is also formed
to have a lesserrdimension in a second direction (hér;—
zontal) transverse to the first direction than the fiéal
desired dimension in the second direction (horizontal)
throuéh the final form 28. As illustrated, the cross—
sectional configuration of the preform 18 is oblong or
oval whereas the éross—sectional configuration of the
final form 1is circular.

The preform 18 is enclosed in the dies.BO by
closing the dies 30 to initially apply pressure to the‘
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preform 18 in the first direction which is vertical
as illustrated. In other words, the dies 30 first contact
the ends of the oblong shape to initially apply pressure
to the pfeform 18 in the first or wvertical direction to
decrease the dimension in the first or vertical directién
to the finai desired dimension of the article 28. As this
occurs, there is also an increase in the dimension in the
second or horizontal direction of the preform 18 to the
final desired dimension of the article 28. In other
words, as the dies. 30 move together, they initially engage
the preform at the intentionally oversize dimension in
the direction of the closing of the dies and, since the
other transverse cdimension between the sides is smaller
than reguired, that dimension grows or increases. Since
the preform 18 has bsen measured and any mass or material
in excess of that recuired to precisely £ill the cavity
26 has been removed, *he sides of the preform 18, when
increasing in dimension horizontally, contact the walls
of the cavity 26 at ﬁhe same time the dies 30 engage one
another at the parting line therebetween. As will be
appreciated, in this manner there is no resulting flash
in the final article 28, i.e., there is no material of
the article 28 squeezed outwardly between the dies 30
between the parting faces therecf and outside the ca&ity
26. Accordingly, not only is there a precise article in
terms of shape resulting from the method but the wear of
the dies 30 at the parting faces therebetween adjacent
the cavity 26 should be eliminated.

In many instances it will be desirable to
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initiélly form the preform 18 with a greater amount of
material or massS than the amount of material in the fiﬁal
form of the article 28. This will érevent forming pre-
forms 18 which are unusable because of less material or
mass than desired in the final article 28. _

It will be appreciated that the final cavity 26
is final only in that it provides the final shape of the
desired article but the term does not mean that the
article 28 may not be processed further to undergo fur-
ther processing. It should also be appreciated that in
the removal step, particularly when processing articles of
complex shapes, different portions of the artiéles may
have proportionally different amounts of material removed
therefrom than other portions of the article._ The impor-
tance being to remove material from the préform 18 so
that the different porticns cf the preform are in pro-
portion to the final cavity 26 and that the total volume
in terms éf material or mass of the preform is precisely
the sameras the volum= cf the final cavity 26.

It should also ﬁe appreciated that the prgform
may also be formed in an autoclave instead of a press.

The invention has been described in an ilﬁus—

trative manner, and it is to be understood that the

- [
terminology which has been used is intended to be in the

nature of words of description rather than of limitation.
Obviously, manv modifications and variations of
the present invention are possible in light of the above

teachings. It is, therefore, to be understood that with-

in the scope of the appended claims wherein reference
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in any way limiting, the invention may be practiced

otherwise than as specifically described.
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i. A method of forming an article to a final
form in a final cavity completely surrounding and having
the final form of the article including the steps of: |
forming a preform having the general shape of the final
form of the article and enclosing the preform in the
final cavity to completely surround the preform and con-
form the preform to the shape of the final cavity to
produce the final form of the article, said method
characterized by measuring the amount of material con-
tained ;n the preform and removing any material from the
preform in excess of the amount of material required to
completely £ill the volume of the final cavity before

enclosing the preform in the final cavity. N

2. A method as set forth in claim 1 further

-

characterized as forming the preform to have a greater
dimension in a first direction therethrough than the
final desired dimension in the first direction through

the final form and a lesser dimension in a second direc-

tion transverse to the first direction than the final

desired dimension in the second direction through the
final form and enclosing the preform by initially apply-

ing pressure to the preform in the first direction to

. decrease the dimension in the first direction to the

final desired dimension while increasing the dimension

in the second direction to the final desired dimension.

3. A method as set forth in claim 2 further
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characterized as enclosing the preform 3'_n the' f9%§4404
cavity by placing the preform between dies in a press
which define the f£inal cavity and closing the dies to
initially apply pressure to the preform in the first
direction.

4. A method as set forth in-claim 3 further
characterized as forming the preform with a greater.
amount of material than the amount of material in the
final form of the article.

5. A method as set forth in claim 4 further
characterized as removing the excess material by placing
the preform in an etching bath under predetermined
conditions.

6. A method as set forth in claim 5 further
characterized as measuring the amount of ﬁaterial in
the preform by geighing the preform. .

7. A method as set forth in claim 1 further
characterized as forming the preform with a greater
amount of material than the amount of material in the
final form of the article.

8. & method as set forth in claim 1 further
characterized as forming the preform by; encapsulating
a gquantity of powdar in a first cavity in a thick walled
container having walls entirely surrounding the first
cavity and of sufficient thickness so as not to closely
foliow the contour of the first cavity and of a material
which is substantially fully dense and incompressible and
capable of plastic flow at elevated temperatures, heating

the container and powder to a temperature at which the
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powder will densify, and applying external presQJQr-.s@'dqc4
the entire exterior surface of the container thereby
causing plastic flow of the container walls to subject
the powdef to hydrostatic pressure which causes the
powder to densify into the preform.

9. A method as set forth in claim 8 furtﬁer
characterized as removing the preform from the container
by melting the container material from about the preform.

10. A method as set forth in claim 8 further
characterized as forming the preform by encapsulating the
powder in the first cavitv having a greater dimension in a
first direction than the final desired dimension in the
first direction of the final form and a lesser dimension
in a second direction transverse to the first direction
than the final desired dimension in the second direction
of the final form and enclosing the preform in.the final
cavity and applying pressure to the preform init;ally inr
the first;direction to decrease the dimension in the
first direction to the final desired dimension while in-
creasing the dimension in the second direction to the

final desired dimension. —
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